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A survey of Low Luminosity Compact sources and its 
implication for evolution of radio-loud AGNs. I. Radio data 
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ABSTRACT 

We present a new sample of Compact Steep Spectrum (CSS) sources with radio lu- 
minosity below 10 26 W Hz -1 at 1.4 GHz called the low luminosity compact (LLC) 
objects. The sources have been selected from FIRST survey and observed with MER- 
LIN at L-band and C-band. The main criterion used for selection was luminosity of the 
objects and approximately one third of the CSS sources from the new sample have a 
value of radio luminosity comparable to FRIs. About 80% of the sources have been re- 
solved and about 30% of them have weak extended emission and disturbed structures 
when compared with the observations of higher luminosity CSS sources. We studied 
correlation between radio power and linear size, and redshift with a larger sample that 
included also published samples of compact objects and large scale FRIIs and FRIs. 
The low luminosity compact objects occupy the space in radio power versus linear size 
diagram below the main evolutionary path of radio objects. We suggest that many of 
them might be short-lived objects, and their radio emission may be disrupted several 
times before becoming FRIIs. We conclude that there exists a large population of 
short-lived low luminosity compact objects unexplored so far and part of them can be 
precursors of large scale FRIs. 
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1 INTRODUCTION 

Radio sources are divided into two distinct morphologica l 
groups of objects: FRIs and FRIIs l|Fanaroff feRilevll 19741) . 
There is a relatively sharp luminosity boundary between 
them at low frequency. The nature of the FR-division is still 
an open issue, as are the details of the evolutionary pro- 
cess in which younger and smaller Gigahertz-Peaked Spec- 
trum (GPS) and Compact Steep Spectrum (CSS) sources 
become large scale radio structures. It is unclear whether 
FRII objects evolve to become FRIs, or whether a divi- 
sion has already occurred amongst CSS sources and some 
of these then become FR Is and some FR lis. A majority of 
CSS sources known to date have high radio luminosities and, 
if unbeamed, have FRII structures. It seems reasonable to 
suspect that some of the CSSs with lower radio luminosity 
could be the progenitors of less luminous FRI objects. 

The GPS and CSS sources form a well-defined class 
of compact radio objects and are considered to be en- 
tirely contained within the host galaxy. During their evo- 
lution the radio jets start to cross the ISM and try to 



E-mail: magda@astro.uni.torun.pl 



leave the host galaxy. The interaction with the ISM can 
be very strong in GPS/CSS sources (|Holt et all 120061 ; 
lLabiano et al.l 12005) and it seems to be a crucial point in 
the evolution of radi o sources. Recently developed models 
( Kai ser fc Bestj|2007h show that all sources start out with 
a FRII morphology. As the radio source expands the inter- 
action with the dense environment of the host galaxy can 
disrupt jets and change their morphology to FRIs or hy- 
brid o bjects (|Gopal-Krishna fc Wiital2000l : lGawroriski et al.l 
2006) . Some sou rces with disrupted jets can fade away 
1 Alexander] |2000| ) . Detection of several can didates for dy- 
ing compact sources supports this view (Girolctti et al 
2005: Kunert-Bairaszewska et al.l l2005, 2006; M arecki et al 
20061 ). What's more, the activity of compac t radio sources 



can be an episodic event (ISnellen e t al. 1999; Mareck i et al 



2003bl : iucci et al. I 120051 ; iKunert-Ba iraszcwsk a et al 

2006), like in the case of large scale radio objects. 



As recently suggested by ICzernv et al.l (120091 ) there 
could be a connection between the existence of short-lived 
compact radio sources and the intermittent activity of the 
central engine caused by a radiation pressure instability 
within an accretion disc. According to the authors a radio 
source powered by a short-lived outburst of the central ac- 
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tivity is not able to escape from the host galaxy unless the 
active phase lasts longer than ~10 4 years. It is then likely 
that among the low luminosity compact (LLC) sources we 
can find objects affected during their evolution either by a 
strong interaction with the ISM, which changes their mor- 
phology and luminosity, or by the instability of the accretion 
disc. 

In this paper we present the L-band and C-band MER- 
LIN observations of 44 low luminosity CSS sources selected 
from the FIRST survey. This is a new approach since the 
main criterion used for selection was not flux density but 
luminosity of the objects. The selection criteria caused that 
approximately one third of the CSS sources from the new 
sample have a value of radio luminosity lo wer than the lu- 
mino sity boundary found for FR sources (IFanaroff fcRilevI 
Il974l ). which means that they are compact young sources 
with luminosities comparable to FRIs (Fig. |4|. The goal 
of this project is to study the properties of low luminos- 
ity compact (LLC) objects and the evolution of the com- 
pact object population. Our previous multifrequency obser- 
vations of CSS sources have shown that some of the small- 
scale objects can be strong cand i dates for compact faders 
jKunert-Bairaszewska et al.ll2005l . 120061 ). This finding sup- 
ports the idea that there exist a group of short-lived radio 
objects that has been largely neglected to date. 



2 SELECTION AND OBSERVATIONS OF A 
NEW SAMPLE 

Using the final release of FIRST, combined with the GB6 
survey at 4.85 GHz we looked for unresolved, isolated sources 
i.e. more compact than FIRST beam (5'.'4) and surrounded 
by an empty field (we adopted 1' as a radius of that field). 
We required that the redshifts of the objects identified with 
radio sources are known and we extracted them from NED 
and Sloan Digital Sky Survey (SDSS). Consequently, we 
were able to impose the low power criterion. The limit on 
flux density was chosen in order to produce a sample of man- 
ageable size, but also to exclude objects with flux densities 
too low to be detected in snapshot observations. Eventually, 
the selection criteria were as follows: 

• Low luminosity criterion: Liaghz < 10 26 W Hz -1 , (for 
Ho = 100kms _1 Mpc -1 , go=0.5; in this paper we use another 
cosmology) ; 

• Flux density criterion: 70mJy 5j Si.4GHz Ss 1 Jy; 

• Spectral index criterion: a£:t G H? > 0.7 (S oc v~ a ). 

Finally, the new sample consists of 44 sources (Table [2}. 

The initial survey was undertaken using MERLIN at 
L-band. Then some of the sources were also observed with 
MERLIN at C-band. All the L-band snapshot observations 
were made between December 2006 and May 2007. Addi- 
tional C-band snapshot observations were made in 2008 and 
2009. Each target source together with its associated phase 
reference sources was observed for ~60min including tele- 
scope drive times. The preliminary data reduction was made 
using an AlPS-based PIPELINE procedure developed at 
JBO. The resulting phase-calibrated images created with 
PIPELINE were further improved using several cycles of 
self-calibration and imaging, the final total intensity (I) and 
polarization intensity (P) images being produced using the 



task IMAGR. We considered only emission above 3cr noise 
level, and we blanked out all the points for which observed 
P < 3a, to avoid possible mis-use of low signal-to-noise po- 
larization data. The flux densities of the main components of 
the target sources were then measured, by fitting Guassian 
models to the components in the image, using task JMFIT 
(Table[2]). For more extended features the flux densities were 
evaluated by means of IMSTAT. Sub-components are re- 
ferred to as North (N), South (S), East (E), West (W) and 
Central (C). When a component is split into more pieces, 
a digit (1,2, etc.) is added (e.g. Nl, N2). The position of 
the optical counterparts of target sources are marked with 
a cross in the images and are taken from the SDSS (found 
within the radius of 10" from the radio source) or from the 
literature. The feature in the radio image closest to the cross 
is indicated as 'C and treated as probable radio core. 

Based upon available radio images (our MERLIN L- 
band and C-band observations and other found in the lit- 
erature), the new sources have been divided into four cate- 
gories (Table [2}. However, for most of the sources described 
here we have observation only at one frequency and their 
classification should be treated as the preliminary one ('?' 
means the most uncertain classification). 'Single' means the 
source is a pointlike object unresolved or slightly resolved. 
'Core-jet' is a source with a bright central component and 
a one- or two-sided emission (jets). 'Double-lobed' objects 
show at least two kinds of morphologies. Some of them con- 
sist of two point-like components without a visible radio core 
in available radio images, whereas the others show a central 
weak component and distorted extended structure on both 
sides of it. Many of the double objects also show brightness 
asymmetry. For some of them (those with probable core de- 
tection) we were able to evaluate the flux density ratio, r s , 
defined to be >1, of the oppositely directed components. The 
last category, 'other', comprises sources with peculiar mor- 
phologies: three objects have distorted radio morphologies, 
other three have only a single visible lobe, and one object 
is resolved into four components with high-resolution imag- 
ing. Fig. [T] Fig. [5] and Fig. [3] show images of the sources 
with resolved structures with the exception of one object 
(1641+320) which will be described in a separate paper. 

In this paper, we present the analysis of MERLIN radio 
observations of a new sample of low luminosity CSS sources 
and the study the correlation between radio power and lin- 
ear size, and redshift, making use of a larger sa mple that in- 
cluded also published samples of C SS sources bv lFanti et al.l 
l|200ll) and lMarecki et all l|2003al ). The combined sample of 
CSS sources we used in our study is gathered in Table Al 
(see Appendix). The optical data of the sample of low lumi- 
nosity CSS sources will be discussed in a forthcoming paper 
(Kunert-Bajraszewska & Labiano,2010; hereafter Paper II). 

Throughout the paper, we assume a cosmology with 
Ho=71kms _1 Mpc _ \ Q M =0.27, fi A =0.73. 



3 NOTES ON INDIVIDUAL SOURCES 

0025+006. The 1.6 GHz MERLIN map (Fig. [TJ shows an 
asymmetric morphology: the brightest central component is 
probably a radio core and the extended south-eastern emis- 
sion is a radio jet (E). 

0801+437. This source is unresolved in 1.6 GHz MER- 
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Table 1. Basic parameters of 44 target sources 



Source 


RA 


Dec 


ID 


z 


Si. 4 


logLi.4 


S4.85 


logL 4 .85 




LLS 


Type 


Name 


h m s 


O ! !! 






Jy 


W Hz" 1 


Jy 


W Hz" 1 




h~ kpc 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


00954-oofi 


00-98-33 49 


00-55-1 1 00 

UU. U J. 1 1 . UU 


Q 


0.104 


0.219 


24 77 


081 


24.34 


0.80 


3.13 




07544-401 

U / UlT^IUl 


07-57-5K (SQ 


oy. jy.ou.uu 


Q 


0.066 


0.098 


24.00 


0.030 


23.49 


0.95 


0.25 




osoi 4-437 

uouin^io / 


08-04-54 Q1 


IO.O J. O t .iU 


Q 


0.123* 


0.352 


25.13 


0.135 


24.72 


0.77 


0.44 


D? 


081 0-1-077 

U O 1 U |^ U 1 / 


08-1 3-23 76 

UO.lU.iO. i U 


07-34-05 SO 

U 1 . UI. U J. ou 


O 


0.112 


0.435 


25.14 


0.158 


24.70 


0.82 


2.78 


D? 


0891 4-391 

UOi 1 i^Oi 1 


08-95-04 55 

UO. iU.U1.UU 


ui.uy.u t .ou 


Q 


0.265 


0.076 


25 21 


030 


24.81 


0.75 


7.69 


jj 


08354-373 


08-38-95 00 


37-1 0-3fi Q0 
1 . iu. ou. yu 


O 


0.396 


0.383 


26.32 


0.148 


25.91 


0.76 


1.01 


t; 


084.S4-01 7 


08-48-5R 5fi 


01 -3fv47 40 
Ul. ou.i / .IU 


Q 


0.349 


0.085 


25.54 


0.034 


25.14 


0.74 


6.12 


C'i 


08504-094 


08-53-1 4 93 


09-14-53 70 
Ui. 11. JO. 1 u 


Q 


0.460 


0.112 


25 94 


034 


25.42 


0.96 


5.98 


\j 


0851 4-094 


08-54-08 45 

UO.U1.UO.1U 


09-1 3-15 SO 
u__- . 10.1 J.OU 


Q 


0.399 


0.118 


25 82 


039 


25.33 


0.89 


3.41 


]J 


08544-91 


08-57-90 Q8 
uo.u 1 .zu.yo 


90-48-53 SO 

iU.IO.JO.OU 


Q 


0.032 


0.082 


23.27 


0.033 


22.87 


0.76 


1.76 





0Q074-04Q 


0Q-0Q-51 13 


04-44-99 1 3 

U1.11. ii. IO 


Q 


R40n 


0.178 


26.49 


0.049 


25.93 


1.04 


8.32 


D? 


0Q1 44-1 1 4 

U ij 1 1 1 1 1 


0Q-1 7-1 38 
uy . i i . iu.oo 


1 1 -1 3-3fi Q0 
11. 10.ou.yu 


Q 


0.178* 


0.742 


25 81 


124 


25.03 


1.44 
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G 


0Q1 44-504 

Uy ll^UUI 


0Q-1 7-34 89 
uy . i i . 01. Oi 


50-1 fv38 90 

UU. lU.OO.iU 


O 


0.633 
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26 24 
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25.82 
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4.86 


jj 


0Q91 4-1 43 


OQ-24-05 2Q 


14-10-21 (SO 

_L rr . _LW.il.UU 


O 


0.135 


0.105 


24.69 


0.031 


24.17 


0.98 


0.73 


v .1 


0Q934-07Q 


0Q-9fI-07 QQ 
us.^u.u i .yy 


07-45-9R fSO 

U( .1J.iU.UU 


O 


0.442 


0.158 


26.05 


0.056 


25.60 


0.83 


7.94 


O 


0Q31 4-033 


OQ-34-30 74 

uy.ui.uu. i i 


03-05-45 50 

UO. KJ\J .'-ttj •<JVJ 


Q 


0.225 


0.280 


25.61 


0.119 


25.24 


0.69 


1.61 


C'i 


0Q494-355 


0Q-45-95 8Q 
uy .iu . iu .oy 


35-91 -03 50 

OJ.il. UO. UU 


Q 


0.208 


0.140 


25 24 


042 


24.71 


0.97 


4.41 


u 


1 0074-1 42 


10-0Q-55 51 

-LU.Uy.UU.U-L 


1 4-01 -54 30 

_L'±.L/1.U1.UU 


O 


0.213 


0.995 


26.11 


0.390 


25.70 


0.75 


3.26 




1 0094-053 

J. u u y u u u 


1 0-1 2-04 73 

lU.li.U1. 1 U 


05-06-1 3 20 

KJ J. UU. IJ.iU 


Q 


0.460p 


0.206 


26.21 


0.055 


25.63 


1.06 


8.71 


D? 


1 0374-302 

-L u ') 1 1 'J u i 


1 0-40-29 9fi 

iu.iu. ic7. yu 


29-57-58 00 

iy . u 1 . uo. uu 


Q 


0.091 


0.364 


24.87 


0.107 


24.33 


0.98 


3.63 


]j 


1 0534-505 


1 0-5fi-98 91 

-LV/.UU.iiO.ii-L 


50-1 Q-59 90 
uu. iy.ui.iu 


O 


0.820 


0.079 


26 40 


032 


26.01 


0.73 


8.19 


jj 


1 1 404-058 

-L -L t:VJ 1 U U O 


1 1 -43-1 1 03 

_1_ _L • rfcO . 1 -L .UU 


05-35-1 5 90 

uj.0j.1j.yu 


O 


0.497 


0.194 


26.26 


0.061 


25.76 


0.93 


16.97 




1 1 544-435 

1 IUIt^IOU 


1 1 -57-97 fiO 
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43-1 8-0fi SO 
10. IO.UU.OU 


O 


0.230 


0.247 
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4.55 


C'i 


1 1 5fi4-470 

-L -LUUT^I 1 \J 


1 1 •KQ'IQ QQ 

-L±.uy.-Ly.yy 


4fi-45-44 SO 


q 


0.467 


0.081 


25.82 


0.031 


25.40 


0.77 


4.98 


G 


1 3084-451 


1 3-1 0-57 00 
lO.lU.iJ I .UU 


44-51 -4fi fiO 

11. U 1 .IU. UU 


Q 


0.391 


0.097 


25 71 


034 


25.25 


0.84 


3.85 


D? 


1 *?91 4-045 

1 Oi 1 tU^J 


1 3-94-1 Q 70 
lo.ii. i y . / u 


04-1 Q-07 90 
ui. iy.u / .iU 


Q 


0.263 


0.128 


25 43 


046 


24.98 


0.82 


16.90 


jj 


1 35Q4-595 
louyn^UiU 


14-00-51 (\9 

11.UU.Jl.Uii 


59-1 fl-0fi fiO 

Ui. 1U.UU.UU 


Q 


0.118 


0.170 


24.78 


0.064 


24.35 


0.78 


0.42 


c; 


1 4024-41 5 


1 4.-04- 1 fi 37 


41 -1 7-48 SO 

'-t _L . J_ 1 .^O. OU 


G 


0.361 


0.210 


25.96 


0.073 
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0.85 


1.00 




1 4074-363 

-L TtU | 1 l_)UO 


1 4-fl9-42 4fi 


36-04-1 6 00 

OU. UI. IU. uu 


q 


0.148 


0.141 


24.91 


0.045 


24.41 


0.92 


0.07 


Or? 


14114-553 


14:13:27.21 


55-05-29 30 

Ut^.Uu.i J. JU 


G 


0.282 


0.126 


25.49 


0.033 


24.91 


1.08 


0.80 


s 


1 41 84-053 


1 4-91 -04 95 

11.il.U1.iiJ 


05-0S-44 Q0 
u j. uo.11. yu 


G 


0.455 


0.283 


26 33 


108 


25.91 


0.77 


1.67 


s 


1506+345 


15:08:05.68 


34:23:23.30 


Op 


0.045 


0.121 


23.75 


0.044 


23.31 


0.81 


0.15 





1521+324 


15:23:49.35 


32:13:50.10 


G 


0.110 


0.168 


24.71 


0.051 


24.19 


0.96 


0.40 


s 


1532+303 


15:34:09.90 


30:12:04.00 


q 


0.001? 


0.071 


20.17 


0.030 


19.80 


0.70 


0.004 


s 


1542+390 


15:43:49.49 


38:56:01.40 


G 


0.553 


0.189 


26.36 


0.049 


25.77 


1.09 


8.08 


D 


1543+465 


15:45:25.46 


46:22:44.70 


G 


0.400 


0.459 


26.41 


0.110 


25.79 


1.15 


6.57 


D? 


1550+444 


15:52:35.37 


44:19:06.10 


G 


0.452 


0.139 


26.02 


0.049 


25.56 


0.84 


6.90 


O 


1558+536 


15:59:27.66 


53:30:54.70 


G 


0.179 


0.170 


25.17 


0.058 


24.71 


0.86 


5.08 


D? 


1601+528 


16:02:46.39 


52:43:58.70 


G 


0.106 


0.557 


25.19 


0.208 


24.76 


0.79 


0.38 


D 


1610+407 


16:11:48.55 


40:40:20.90 


G 


0.151 


0.553 


25.52 


0.166 


25.00 


0.97 


2.60 


Cj? 


1624+049 


16:26:50.30 


04:48:50.50 


G 


0.040p 


0.162 


23.77 


0.056 


23.31 


0.85 


1.94 


D 


1641+320 


16:43:11.35 


31:56:18.00 


Qb 


0.586 


0.113 


26.20 


0.041 


25.76 


0.82 


10.56 


Of 


1715+499 


17:16:46.34 


49:56:44.30 


G 


0.628 


0.095 


26.20 


0.035 


25.76 


0.80 


2.38 


D 


1717+547 


17:18:54.40 


54:41:48.20 


G 


0.147 


0.323 


25.26 


0.110 


24.80 


0.87 


0.18 


D 



Description of the columns: (1) source name; (2) and (3) source coordinates (J2000) extracted from FIRST; (4) optical 
identification: G - galaxy, Q - quasar, q - star-like object, Gp - galaxy pair, Qb - binary quasar; (5) redshift; 'p' means 
photometric redshift taken from literature or SDSS; '?' means the spectroscopic redshift is very uncertain because of a poor 
quality of the spectrum; * means uncertain redshift probably belongs to a random foreground galaxy; (6) total flux density at 
1.4 GHz extracted from FIRST; (7) log of the radio luminosity at 1.4 GHz; (8) total flux density at 4.85 GHz extracted from 
GB6; (9) log of the radio luminosity at 4.85 GHz; (10) spectral index between 1.4 and 4.85 GHz calculated using flux densities 
in columns (6) and (8); (11) largest linear size (LLS) calculated based on the largest angular size measurements in the 1.4GHz 
MERLIN image - in most cases, as a separation between the outermost component peaks, otherwise measured in the image 
contour plot; in the case of single sources the linear size means the upper limit estimated using deconvolved component major 
axis angular size from L-band ME RLIN image; (12) radio morphology based on the available radio images, this is a simple 
classification in agreement with the iKunert-Bai raszcwska & Thomasson ( 2009 ) , more detailed description is in section [2] S - 
single means unresolved or slightly resolved in available radio image, Cj - core-jet, D - double-lobed, O - other, more complex 
structures; '?' means the most uncertain classification, 
f 1641+320 will be described in a separate paper. 
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Figure 1. MERLIN L-band images. Contours increase by a factor 2, and the first contour level corresponds to & 3<r, vectors represent 
the polarized flux density. A cross indicates the position of an optical object found using the most actual version of SDSS/DR7. 
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Figure X. MERLIN L-band (cont.) 
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Figure X. MERLIN L-band (cont.) 
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Figure 1. MERLIN L-band (cont.) 



LIN observations and only 1.6 GHz EVN obs ervations show 
struct ure classified as possible double by Ide Vries et al.l 
(2009(1 . 

0810+077. This source has been classified as a possible 
double object (Fig. [l]). The weak component (C) whose po- 
sition is correlated with the position of the optical counter- 
part could be a radio core, on opposite sides of which there 
is emission from the two radio jets/lobes. The flux density 
ratio, r s of the oppositely directed components E and W 
amounts to 1.7. 

0821+321. This is a double object with two weak radio 
lobes without evidence of bright hotspots and radio core 
(Fig- ID- 

0846+017. This is probably a core-jet morphology (Fig. [TJ 
with the brightest component to be a radio core (C) and a 
bent radio jet (SI, S2). 

0850+024. Compact double object (Fig. QJ. The position 
of the optical counterpart probably indicates the position of 
the slightly resolved radio core. 

0851+024. Compact double object with a symmetric mor- 
phology (Fig. [TJ. 

0854+210. Weak radio galaxy with diffuse morph ology 
(Fig. 0) also detected in infrared (|Drake et al.l 12003). The 
peak of emission in 1.6 GHz MERLIN image is a radio core 
also visible in 5 GHz MERLIN image (C). 
0907+049. This is a double object with the brightest cen- 
tral component (C) probably containing a radio core, on 
opposite sides of which there is emission from the two radio 
jets/lobes (Fig. [T]). However the polarization is not detected 
in the southern component, which can be an artifact. The 
polarized flux density of components C and N amounts to 
3mJy and 6mJy, respectively. 

0914+114. Both 1.6 GHz and 5 GHz MERLIN images show 
single component. This source has been resolved with VLBI 
at 2.3 GHz into compl ex structure consi sting of four well 
separated components (|Xiang et al.ll20o"5l ). 
0914+504. Quasar with a double morphology and asym- 
metric polarization. The luminosity of the polarized south- 
ern component is lower than the northern one, which can 



contain a radio core (Fig. [T]). The polarized flux density of 
component S amounts to 4mJy. 

0921+143. The 1.6 GHz MERLIN observation shows a sin- 
gle component which is resolved in 5 GHz MERLIN image 
into probably core-jet morphology (Fig. [5]). 
0923+079. The 1.6 GHz morphology and the position of 
the optical counterpart suggest there is only a single lobe 
visible in this source (Fig. This interpretation is in agree- 
ment with 5 GHz MERLIN image. The weak point emission 
is probably a radio core and the lobe indicated as 'N' in 
1.6 GHz image breaks into weak and probably fading com- 
ponents in 5 GHz MERLIN image. 

0931+033. The 1.6 GHz MERLIN observation shows a sin- 
gle component which is resolved in 5 GHz MERLIN image 
into probably core-jet morphology (Fig. [2}. 
0942+355. This is a double object with asymmetric emis- 
sion from two radio lobes (Fig. [2]). The position of the opti- 
cal counterpart is correlated with a weak central emission 
(C). The 5 GHz MERLIN image shows only an emission 
from the south-eastern radio lobe (E) with a steep spec- 
trum al'e = 1.1. The flux density ratio, r s of the oppositely 
directed components E and W amounts to 2.3. 
1007+142. Radio galaxy with a double morphology 
(Fig. H]). Large variations of polarization angle are seen in 
the southern lobe. The luminosity of the polarized southern 
component is lower than the northern one. The polarized 
flux density of component S amounts to 8.5 mjy. 
1009+053. Two components with different brightness are 
visible (Fig. [TJ. Since the position of the optical counter- 
part is outside the image range it is difficult to interpret the 
structure. 

1037+302. The 1.6 GHz MERLIN image shows a highly 
asymmetric double object (Fig. [1]) also detected wit h the 
VLA at 8.4 GHz and 22.5 GHz bv lGiroletti et all (|2005h . The 
position of the optical counterpart is well cor related with ra- 
dio c ore observed in 1.6 GHz VLB A image l|Giroletti et al.l 
2005). Our 5 GHz MERLIN image shows only an emission 
from the north-western radio lobe (W) and is not published 
here. Although the brightness asymmetry is visible in this 
source, the diffused extended emission is difficult to mea- 
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Figure 2. MERLIN L-band and C-band images. Contours increase by a factor 2, and the first contour level corresponds to si 3<r, vectors 
represent the polarized flux density. A cross indicates the position of an optical object found using the most actual version of SDSS/DR7. 
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Figure 2. MERLIN L-band and C-band images (cont.) 
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Figure 3. MERLIN L-band and C-band images of 'single-lobed' objects. Contours increase by a factor 2, and the first contour level 
corresponds to 3<r, vectors represent the polarized flux density. A cross indicates the position of an optical object found using the most 
actual version of SDSS/DR7. 
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Table 2. Flux densities of sources principal components from the 1.6 GHz and 5 GHz MERLIN images 



Source Compo- Si. 8 GHz S 5G Hz Source Compo- Si. 6 GHz S 5G Hz 
name nents mjy mjy name nents mjy mjy 

(1) (2) (3) (4) (1) (2) (3) (4) 
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sure and consequently the flux density ratio is difficult to 
evaluate. 

1053+505. Three components are visible in 1.6 GHz MER- 
LIN image (Fig. Q]). The polarization is detected only in the 
north-western component (W), whose luminosity is lower 
than the eastern one (E). The polarized flux density of com- 
ponent W amounts to 3mJy. It is difficult to classify this 
source without a 5 GHz image. This is probably a double 
object with emission from two radio lobes/jets. 

1140+058. This is a core-jet quasar (Fig. [[J. 

1154+435. The 1.6 GHz MERLIN image of this source 
shows a complicated (double?) morphology. The magnetic 
field appears to be ordered and follows the direction of the 
jet visible at higher frequency. The polarized flux density 
of component N amounts to 4mJy. The 5 GHz MERLIN 
image shows one bright component, a radio core (C) with 
a flat spectrum af;g = 0.1, and diffuse northern emission 



which could be a bent radio jet (Fig. [2}. The polarization is 
visible in two places, where we have peaks of emission and 
where the jet interacts with the surrounding medium. 

1156+470. The 1.6 GHz morphology and the position of 
the optical counterpart suggest there is only a single lobe 
visible in this source (Fig. EJ). The 5 GHz MERLIN image 
shows very weak component 'C which is probably a radio 
core and fading lobe 'W. 

1308+451. This could be a double or a core-jet object 

(pig. m- 

1321+045. The position of the central bright component 
visible in 1.6 GHz MERLIN image (Fig. [TJ is well correlated 
with the position of the optical counterpart suggesting it 
is a radio core (C), on opposite sides of which there is dif- 
fuse emission from the two radio jets/lobes. The flux den- 
sity ratio, r s of the oppositely directed components E and 
W amounts to 1.3. 
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1407+363. This source is unresolved in 1.6 GHz MER- 
LIN observations. It is classi fied as a core-jet bas ed on the 
1.6 GHz EVN+VLBA image (|de Vries et alJl20Qgh . 
1506+345. A point-like object visible in 1.6 GHz MER- 
LIN image (Fig. [2} is resolved into complicated structure 
in 5 GHz MERLIN image. High resolution 1.6 GHz EVN 
observations of this sources l|de Vries et al.ll2009D show two 
components: the compact one (indicated as 'C in our im- 
age) and very weak extended component (probably 'S' in 
our 5 G Hz MERLIN image). Ac cording to the optical obser- 
vations (jMazzarella et all 1 19931) it is an interacting galaxy 
pair separated by 24". The radio emission is probably as- 
sociated with the north-eastern member of this galaxy pair 
and its disturbed structure is probably a consequence of the 
galaxy-galaxy interactions. 

1542+390. This is a double object (Fig. [TJ with a weak 
central emission which could be a radio core (C). There is 
an asymmetry in polarization between components E and 
W, and their polarized flux density amounts to 4mJy and 
1.5 mjy, respectively. The flux density ratio, r 3 of the oppo- 
sitely directed components E and W amounts to 2.2. 
1543+465. A double galaxy with an asymmetric structure 
(Fig. [TJ. A weak component indicated as C could be a radio 
core. Assuming that C is indeed a radio core the flux density 
ratio, r„ of the oppositely directed components N+Nl and S 
amounts to 2.2. However, without an observation at higher 
frequency the identification of the components is uncertain. 
1550+444. The 1.6 GHz morphology and the position of 
the optical counterpart suggest there is only a single lobe 
visible in this source (Fig. [3]). The 5 GHz MERLIN image 
shows weak structure with a peak of emission indicated as 

'Nr. 

1558+536. This is a galaxy with a double-like radio mor- 
phology. Probably one of the weak central components can 
contain a radio core (Fig. [!}. Assuming that C is indeed a 
radio core the flux density ratio, r s of the oppositely directed 
components N and S amounts to 1.3. 

1601+528. This source is unresolved in 1.6 GHz MERLIN 
observations. It is classified as double based on the 1.6 GHz 
and 5 GHz EVN and VLB A observations (|de Vries et al.l 
I2009I ). 

1610+407. This is probably a core-jet object (Fig. [TJ, but 
this classification is uncertai n since this structure show more 
details at higher frequency |de Vries et alj|2009l ). 
1624+049. This is a galaxy with a double radio morphology 
visible in both 1.6 GHz and 5 GHz MERLIN observations 
(Fig. [2]). Both components have steep spectrum: a\% = 1.5 
(E) and a\'% — 1.0 (W) and they are probably radio lobes. 
The flux density ratio, r s of the components E and W 
amounts to 1.5 and 1.15 at 1.6 and 5 GHz, respectively. 
1715+499. This is a compact double object (Fig. [[J. 
1717+547. This source is unresolved in 1.6 GHz MERLIN 
observations. It is classified as double based on the 1.6 GHz 
and 5 GHz EVN and VLB A observations (|de Vries et al.l 
l200Sh . 



4 DISCUSSION 

The new sample of Low Luminosity Compact (LLC) sources 
that we present in this paper consists of 44 objects. We cal- 
culated their basic physical parameters and gathered them 



in Table [2] In Fig. [4] we compare their luminosity and linear 
radio size with the sources from other samples. We used 
combined sample of CSS sources (Table Al, Appendix), 
GPS/high- frequency peaked (H FP) sources from master list 
created bv lLabiano et all (|2007T ) and th e revised 3C samp le 
of FRI and FRII sources (LRL sample. [Laing at al l l|l983h ) 
for comparison and statistical study. The Luminosity- Size 
diagram (Fig. [4^) shows an evolutionary scheme of radio- 
loud AGNs. The selection criteria used for the new sam- 
ple resulted in approximately one third of the LLC sources 
having a value of the 1.4 GHz radio luminosity compara- 
ble to FRIs. Their luminosities are definitely lower than 
CSS sources from last existing samples (crosses in Fig. |4^i). 
About 70% of the sources from the sample are galaxies and 
all of them are nearby objects with redshifts in the range 
0.04 < z < 0.9, although the value of the redshift was not a 
selection criterion (Fig. [4p). 

4.1 Characteristic of the groups of objects 

About 80% of the sources in our sample are resolved in 
available radio maps (this paper and the literature), and 
at least (Table [2]) 39% of the resolved objects are classi- 
fied as double-lobed, although in this category we do put 
compact doubles without visible core and those with weak 
central component detected. A large precentage (~86%) of 
these objects show asymmetry in components brightness, 
but we have measured the flux density ratio only for those 
with probable core detection (see Section 3). The observed 
asymmetry among LLC sources is consistent with the pre- 
vious finding for the CSS source population (|Saikia et al.l 
1200 j) namely that, as a class, the CSSs are more asym- 
metric than larger radio sources of similar power. For one 
source, 0942+355, the brightness asymmetry of the compo- 
nents (probably radio lobes) is also visible in 5 GHz image 
(Fig. [2]). The 1037+302 has already been obse rved and inves- 
tigat ed at higher frequencies with the VLA ijGiroletti et al.l 
2005). The very weak peak of emission visible in our 1.6 GHz 
MERLIN image (Fig. [TJ, well correlated with the position 
of the optical counterpart, appeared to be a very weak ra- 
dio co re at 22 GHz with VLA. According to iGiroletti et al.l 
(2005) this source will evolve to FRI. Two of the sources 
classified as double (0821+321, 1558+536) have breaking up 
structures without obvious signs of activity (Fig. [1} . About 
70 % of the total flux density is missing in the MERLIN L- 
band image of weak 1558+536, suggesting that the diffuse 
emission is resolved in our observations. 

We have detected polarization for some of the double 
sources (Fig. [TJ). These are doubles without a visible radio 
core or a very weak one (0914+504, 1007+142, 1053+505, 
1542+390). The flux density and luminosity of the polar- 
ized component are lower than those of the second com- 
ponent (Table [2]). Again there is visible asymmetry here, 
which can be explained in the terms of interaction of the 
source with an asymmetric medium in the central regions 
of the host elliptical galaxy. On the contrary to large ra- 
dio objects, in GPS/CSS sources, the jet is still crossing the 
ISM and the interaction with the environment can be very 
strong. Observations of the ionized gas in GP S and CSS 
sources show the presence of such interactions (|Holt et al.l 
120061 : lLabiano et al.|[2005n . The interactions with the ISM 
can be confirmed also by complicated structure of 1543+465 
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and twisted jets in 0846+017 and 1154+435 (Fig. [T] and 
Fig.©. 

Among the LLC sources classified as 'others' we 
have identified so called 'single-lobed' objects: 0923+079, 
1156+470 and 1550+444, based on their radio morphology 
and position of the optical counterpart (Fig. [3]). In the case 
of two sources (0923+079, 1156+470) about 60% of the 
total flux density is missing in our MERLIN observations, 
which may suggest that they indeed possess another compo- 
nent, but too weak and extended to be detected in a snap- 
shot mode with MERLIN. The 5 GHz MERLIN observations 
made for all three sources revealed, in two cases (0923+079, 
1156+470), very weak central emission which is probably 
radio core, and breaking up, fading radio lobe in all cases. 
This kind of objects have been alr eady observed in one of the 
previous samples of CSS sources jMarecki et al.ll2003al) and 
amongst large-scale sources (|Subrahmanvan et alj|2003 ). 

The last three objects belong to the category 'others' 
we labelled as the 'interacting systems', and these are: the 
two galaxy pairs (0854+210, 1506+345), and a very com- 
pact quasar binary (1641+320) which will be discussed in 
detail in a separate paper (Fig. [2]). It has to be noted here 
that interpretation of 0854+210 as a galaxy pair has not 
been confirmed yet by detailed optical study. Two of these 
sources - 0854+210 an d 1506+345 - belon g to group of radio- 
excess IRA S galaxies (|Drake et alj|2003l ). The radio powers 
of compact radio-excess galaxies are generally lower than the 
well known CSS objects, with a median of ~ 10 24 ' 5 W Hz -1 
at 5 GH z, and the lower j et energy fluxes are responsible 
for that (Drake et al. 2003) ■ Also their morphologies do not 
resemble typical CSS/GPS sources with symmetric double 
lobes. They rather appear to be highly disrupted which is 



consistent in all three objects observed by us. 0854+210 has 
an extended weak emission indicating a trace of previous 
activity, and 1506+345 has a complex 5 GHz morphology 
which is probably a consequence of galaxy-galaxy interac- 
tions. The galaxy pair 15 06+345 has been also o bserved in 
a CO line survey made bv lMazzarella et al.ll|l993h . which re- 
vealed that both components of this interacting pair contain 
~ 10 10 Mq of molecular gas each. According to the authors 
what we observe here is a colliding disc galaxies which will 
evolve into gas-rich galaxy. A young phase of radio activity 
has been ignited here. 

Summing up we have observed four main categories of 
radio morphology (Table [2} among LLC sources and the 
most interesting cases among them have been described 
above. It is difficult to compare radio morpholo gies of LLC 
sources with those observed in previous samples |Fanti et al.l 
l200ll : iMarecki et al.l l2003al ) because of different observing 
frequencies and resolutions. However, what we can con- 
firm is that the fraction of sources with complex morpholo- 
gies (breaking up str uctures and with s ingle lobe) is higher 
than th at reported in lFanti et al.l (|200ll ) and lMarecki et all 
(|2003aT ). We suggest in section 14.21 that many of them can 
be interpreted as short-lived objects. 

4.2 Evolution of CSS sources 

Fig. 2k shows a full range of luminosity and size covered by 
radio sources and can be used to study the radio source evo- 
lution. We propose an evolutionary scheme that is based on 
these observed parameters in Fig. [S] The flattening of the 
slope at small siz e visible on the d i agram is real and has been 
first reported bv lO'Dea fc Bauml <|l997l ) suggesting different 
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evolution and excess of compact objects com paring to the 
large scale radio sources. ISnellen et all |2000) discussed the 
evolutionary scheme of radio sources and concluded that the 
radio luminosities of GPS sources increase as they evolve, 
reach a maximum in the CSS phase and then gradually de- 
crease as these objects grow further to become FRII/FRI 
sources. However, to match observations, the radio jets of 
the young sources must slow down as they cross the host 
ISM a nd dim faster than predicted. Recently Ide Vries et al.l 
(2009) showed that indeed the expansion speed of GPS radio 
sources is correlated with their radio luminosity and is lower 
for less powerful young radio sources. Most of the GPS and 
CSS sources known so far are powerful objects and the clue 
to solve the evolution puzzle can be in the analysis of less 
powerful compact sources. 

According to the latest theor etical predictions 
(|Kaiser &~B cst 2007; Czcrny ct al. 200 9]) and observational 
facts ijGugliucci et al.l l200a : iKunert-Bairaszewska et al.l 



120061 ) the situation in the group of young radio objects can 
be complicated. The episodic nature of the radio activity 
is a fact among large scale objects where we observe two 
or more of active periods in the radio images. This is 
still debated for young objects, as is the nature of the 
mechanism causing it. Based on our latest observations of 
LLC sample we suggest we should treat the 'y°vmg source 
phase' of the evolution of radio object as the one which 
determines its further evolution. Different mechanisms and 
interactions may play an important role here. The most 
likely mechanism to produce these effects is interaction of 
the ra dio source with the host environment. lLabiano et al.l 
(2009) found that the GPS and CSS sources (galaxies and 
quasars) show a strong correlation between [O III] A5007 line 
luminosity and size of the radio source suggesting a possible 
deceleration in the jet as it crosses the host ISM. However 
this correlation may not be present in fainter radio sources 
where the radio and [OIII]A5007 can be pr oduced in a 
differ ent way (Paper II). There are indications (|Tasse et al.l 
2008), based on the environmental studies of radio sources 
at moderate redshifts (z~ 0.5-1), that low-luminosity radio 
AGNs lie in denser environments than the powerful objects, 



have lower stellar masses and show excess mid-IR emission 
consistent with a hidden radiatively efficient active nucleus. 
iTasse et all l|2008l ) also argue that the low luminosity radio 
activity is assoc iated with th e re-fu elling of massive black 
holes. Recently ICzernv et al.l (|2009l ) discussed mechanism 
of instabilities in the accretion flow suggesting that the 
duration of the active phase should be longer than 10 4 
years to enable the young source to escape from the host 
galaxy. For the shorter active phase the radio source will be 
confined within the host galaxy and such short outbursts 
may occur many times. We have presented this scenario on 
the scheme of the radio source evolution as the two-sided 
arrows (Fig. [5} and labeled these sources as short-lived 
objects. To this group of objects belong observed by us 
CSSs with weak breaking up structures, without compact 
hotspots or jets and core visible, which means compact 
but already fading objects that will not evolve into large 
scale sources in this phase of activity. We interpret some 
double sources (0821+321, 1558+536) and 'single-lobed' 
objects (0923+079, 1156+470, 1550+444) observed in LLC 
sample as compact faders. We suggest that these double 
objects from our sample with brightness and polarization 
asymmetry may undergo disturbed evolution and start- 
ing to fade away as single-lob ed objects or to become 
FRIs or hybrids. According to lAlexand"er] (|200Ch sources 
with disrupted jets are not expected to evolve into FRI 
objects, but fade so strongly that they become virtually 
undetectable. Also sources we called 'interacting systems' 
(galaxy pairs and quasar binaries) can be interpreted as 
short-lived objects. The galaxy-ISM interactions observed 
in these double systems can change the direction of the jets 
and disturb the environment fuelling the black hole and 
consequently prevent the growing of the radio structure. 
As an effect of such interactions we observe complicated 
radio structures consisting of weak fading emission together 
with current phase and direction of the activity. Two of 
the weak 'interacting systems' (0854+210 and 1506+345) 
are radio-ex c ess IR AS galaxies. As has been discussed by 
iDrake et all (|2003h the radio-excess sources, with the radio 
powers in general lower than the well known CSS objects, 
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are not expected to evolve in the same manner as CSS/GPS 
sources, but rather fade even further to return to their 
place among the radio-quiet FIR-luminous AGNs. 

The evolutionary path for powerful compact objects 
is the one established so far namely that the CSS sources 
evolve to become FRIIs. 

According to ISnellen et all (|200Gh and also visible in 
our plot (Fig. QJi), the smallest radio objects (GPS/HFP 
sources) should increase their luminosity and size during the 
evolution. However in the evolutionary scheme (Fig. [5]) we 
put a question mark while illustrating this path. We have 
noticed that most of the GPS/HFP sources are already as 
bright as CSSs and FRIIs, and these small objects with 
lower luminosity can either follow the predicted path or fade 
earlier becoming weak CSS object. 

Another question mark in the evolutionary scheme 
(Fig. [5} concerns the rare class of radio sou rces - hybrids, 
which evolutionary path is suggested by iKaiser fe Besj 
l|2007l ). However, recent results based on Chandra observa- 
tions show that hybrid sources which show broad-line opti- 
cal spectra have X-ra y properties compa rable with those of 
FRIIs radio galaxies (jMiller et al.1 2009). It is possible that 
in the case of these rare objects the transition from FR II- 
type jet to FR I-type plum structure takes place at the later 
stages of evolution due to interaction with a dense and non- 
homogeneous inter galactic medium. Numerical works (e.g. 
iMeliani et al.l [20081 ) suggest that a powerful FRII-type jet 
can be decelerated by a high density medium and transform 
to FR I-type. 



5 SUMMARY 

In this paper, we have presented results from MERLIN L- 
band and C-band observations of a new sample of low lu- 
minosity compact sources. Most of the sources have been 
resolved showing complex, asymmetric radio morphologies 
suggesting presence of dense environment and jet-ISM in- 
teractions. We suggest that some of the sources with the 
breaking up structures or one-sided morphology are candi- 
dates for compact faders. In this case the fraction of faders 
is higher (~15%) than that reported in CSS samples from 
B3-VLA and FIRST catalogues (~4%). We suspect we can 
increase the number of these sources by a factor of 2 or even 
3, by extending the studies to lower frequencies and lumi- 
nosities. 

We studied correlation between radio power and linear 
size, and redshift with a larger sample that included also 
published samples of compact objects and large scale FRIIs 
and FRIs. The low luminosity compact objects occupy the 
space in radio power versus linear size diagram below the 
main evolutionary path of radio objects. We conclude that 
many of them can be short-lived objects, at least in the cur- 
rent phase of evolution. These undergo disrupted evolution 
many times as they are be able to escape the host galaxy 
and evolve to FRIIs. The presented here analysis of the radio 
properties of LLC sources and also analysis of their spectro- 
scopic features which will be discussed in a second paper of 
the series indicate that most of them will evolve finally to 
FRII. However, we suggest that there exists a much larger 
population of short-lived low luminosity compact objects un- 



explored so far and among them we can find precursors of 
large scale FRIs. 
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APPENDIX A: COMBINED SAMPLE OF CSS 
SOURCES 

Table Al consists of a large sample of CSS sources which 
incl udes last published C SS samples by iFanti et "all (120011 ) 
and lMarecki et af] (|2003al ). The data were updated by using 
the most actual version of the SDSS/DR7 and were used for 
evolution study presented in Fig. 4 and Paper II. 
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0.08 


0.64 
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59 
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35 
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2 
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28 
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no 
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38 
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11 


54. 


2 
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04 
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27.02 


0.05 


0.40 


1 01 44-*3Q9 


10 


17 


14. 


2 


39 


01 


23 


0.210 


1.392 


26.25 


0.485 


25.79 


6.10 


20.77 


1 01 fi4-44*3 


10 


19 


48. 


2 


44 


08 


25 


0.330* 


0.354 


26.10 


0.071 


25.40 


0.11 


0.52 
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10 


28 


44. 


3 


38 


44 


37 
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26.46 
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26.17 


3.20 
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1027+392 


10 


30 
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5 


38 


57 


54 
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10 


42 
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3 


42 


10 


31 
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10 
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.7 
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08 
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10 


52 


11 


.8 


38 


11 
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0.10 


0.81 
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10 


58 
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.4 


40 


10 


19 
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0.369 
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11 


31 


38. 


9 


45 


14 


51 
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2.049 
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0.90 


4.85 
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11 


35 
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42 


58 


45 
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1.449 


27.88 
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0.07 


0.56 


1136+420 


11 


38 


59 


1 


41 


48 


39 
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27.18 


0.187 
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11 


39 
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38 


03 


42 
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0.40 
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43 
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6 


46 


21 
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46 
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.2 


45 


20 


38 


0.762 
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48 


42 
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12 


01 


49 


9 


39 


19 


11 
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0.606 


28.43 


0.261 


28.07 


0.05 


0.41 



18 M. Kunert-Bajraszewska et al. 

Table Al. Combined sample of CSS sources 



Source 




RA 




Dec 


z 


Si. 4 


logLi.4 


S4.85 


logL 4 . 85 


LAS 


LLS 


Name 


] 


a m s 




C 


/ // 




Jy 


W Hz" 1 


Jy 


W Hz" 1 


II 


h kpc 
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(2) 






(3) 
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(5) 
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12 


44 


20 


o 


40 


51 


37 
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0.361 


25.83 


0.171 
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1 9494-41 


12 


44 


49 


2 


40 


48 


06 
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27.63 
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27.35 


0.04 


0.30 
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13 


16 
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9 
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04 


29 
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13 
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9 


43 
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27.46 


0.133 
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ou 


9 
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23 
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0.465 


27.39 


0.208 


27.04 
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.5 


35 


23 
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1.000 


0.483 


27.40 


0.185 


26.99 


0.20 


1.61 


1315+396 


13 


17 


18 


6 


39 


25 


28 


1.562 


0.615 


27.99 


0.227 


27.56 


0.03 


0.29 


1334+417 


13 


36 


26 


.4 


41 


31 


13 


1.000 


0.470 


27.39 


0.154 


26.91 


5.47 


44.04 


1401+353 


14 


03 


19 


.2 


35 


08 


12 


0.450* 


0.630 


26.67 


0.180 


26.13 


1.80 


10.35 


1407+369 


14 


09 


09. 


.5 


36 


42 


08 


0.996* 


0.538 


27.45 


0.216 


27.05 


0.25 
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1425+287 


14 


27 
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3 


28 


33 


26 


1.000 


0.859 


27.65 


0.198 
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0.75 
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04 


26 


.7 


28 


54 


31 


2.283t 


0.567 


28.37 


0.261 


28.03 


0.04 


0.35 


1542+323 


15 


44 


48. 


.4 


32 


08 


45 


1.000 


0.854 


27.65 


0.325 


27.23 


2.41 


19.40 


1601+382 


16 


03 


35 


1 


38 


06 


43 


1.000 


0.430 


27.35 


0.200 


27.02 


0.75 


6.04 


1616+366 


16 


18 


23 


6 


36 


32 


02 


0.734 


0.536 


27.12 


0.268 


26.82 


0.06 


0.44 


1619+378 
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21 
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3 


37 


46 


05 


1.273 


0.640 


27.79 


0.200 


27.28 


0.75 
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12 


3 


28 


51 
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1.000 


0.526 


27.44 
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0.65 


5.23 
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Table Al. Combined sample of CSS sources 



Source 


RA 


Dec 


2 


Si. 4 


logLi.4 


S4.85 


logL 4 . 85 


LAS 


LLS 


Name 


h m s 


o / // 




Jy 


W Hz" 1 


Jy 


W Hz" 1 


II 


h" 1 kpc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


1632+391 


16 34 02.9 


39 00 00 


1.085 


0.930 


27.78 


0.370 


27.38 


0.80 


6.56 


1656+391 


16 58 22.2 


39 06 26 


1.000 


0.650 


27.53 


0.240 


27.10 


0.12 


0.97 


1709+303 


17 11 19.9 


30 19 18 


1.000 


1.030 


27.73 


0.370 


27.29 


0.40 


3.22 


1717+315 


17 19 30.0 


31 28 48 


1.000 


0.450 


27.38 


0.150 


26.89 


0.60 


4.83 


1723+406 


17 25 16.3 


40 36 41 


1.000 


0.962 


27.71 


0.221 


27.07 


4.65 


37.44 



Description of the columns: (1) source name; (2) and (3) source coordinates (J2000); (4) redshift; * - photometric redshift taken 
form the literature or from the SDSS; f - this is a new value from the SDSS; we adopt z = 1.0 for sources with unknown redshift; 
(5) total flux density at 1.4 GHz extracted from FIRST; (6) log of the radio luminosity at 1.4 GHz; (7) total flux density at 
4.85 GHz extracted from GB6; (8) log of the radio luminosity at 4.85 GHz; (9) largest angular size (LAS); (10) largest linear 
size (LLS) calculated b a sed o n the largest angular size measureme nts on resolved structu re taken from the literature. Data are 
taken from lFlinti et al] ll200ll) sample (first part of the table) and iMarecki et al.l ll200 3a). sample. There is a small overlap of 
this two samples that is why the overlaping sources are included only in a first part of the table. 



